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PARTS FOR INDUCTION HARDENING AND PRODUCTION THEREOF 

PROBLEM TO BE SOLVED: To obtain parts for induction hardening excellent in 
machinability and furthermore capable of securing characteristics as parts such as a gear 
or the like by specifying the compsn. of C, Si, Mn, P, S, Al, O, N and Fe, oxide nonmetallic 
inclusions and induction hardenability. 

SOLUTION: A steel contg., by weight, 0.5 to 0.75% C, 0.5 to 1 .8% Si, 0.4 to 1 .5% Mn, 
0.01 0 to 0.020% P, ^.020% S, 0.01 9 to 0.05% Al, S0.001 5% 0 and 0.006 to 0.01 5% N, 
furthermore contg., at need, prescribed amounts of Mo, B, Ti, Ni, V and Nb, and the 
balance Fe with inevitable impurities is heated at 1 100 to 1250''C and is subjected to hot 
rolling at >95% reduction of area, and the rolling is finished at >1000''C. In this way, the 
parts for induction hardening composed of the steel in which the number of oxide 
nonmetallic inclusions is regulated to s2.5/mm, also, the maximum size thereof is 
regulated to <19tim, and moreover, the grain size of austenlte at the time of induction 
hardening is regulated to ^^Q^lm and capable of obtaining characteristics equal to or 
above those by the conventional carburizing process can be obtd. 
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[H^JI] 1 m.mtX\ C : 0. 5-0. 7 5?^. S 
j : 0. 5-1. 8%. Mn : 0. 4-1- 3%, P : 
0. 0 10-0. 0 2 0%. S:0. 0 2 0?6iUT, -A 
1 : 0 . 0 1 9- 0 . 0 5%, 0:0. 001 5%W. 
T- N:0. 0 0 6-0. 0 1 5%rg-li 

**2. 5.--inm2 lJlTT-**0'5-(7.-)ii:tHf'f .5:^/1 9xim 

r. Mo:0. 0 3-0. 5%. B:0. 0003- 
0 . 0 0 5?-o. T i : 0 . 0 0 3-0. 0 5%. N i : 

0. 1-]. o%<n~mxtzt^ixy^izti:^m 

X'. V : 0. 0 5-0. 5%. Nb : 0. 0 1-0. 5 

%f.)^-'5:< k i>-m^:t^ixuhztimLttim 

f. M o : 0 . 0 5-0 . 3 B : 0 . 0 0 0 3- 
0. 0 0 5%, Ti : 0. 0 0 5—0. 0 5%. N i : 

0. 1-1. 0%C-)-m&±t\' : 0 . 0 5—0. 5 
%. N b : 0 . 0 1-0. 5 %i7).4-^< t {>-mt ^iS 

^ix^^hzb i:mLtt hmmM i amoMmmm 

1 1 0 0-1 25 ov.(r>^^mmiziim,i. i o o or 

im^me ] i ti:^^ Lm^4 <7)v^-nxMzm 
m!7)mm)^'iir)^Es^thizmLx. mMf^z 
1 10 0-125 o'cxry^mmmzMki i o o orw 

1. (r)iS,mWMX'm 1 g^;EE2r*IT L . $ 4, (ci O 5 0 
-115 ox:<r)iSLmmimzlja^X 1 0 0 0'Cl:j±i7)iSj^ 

mmx'm2m)Emmiti>i t inwittt-^w^m 
{m$.m7\ mi^^ij-'mm^s&tm^z. 

Wmm-^if9 5%\i\±tt!:h^im':i t *r1tStt 
[000 1 J 

[0002] 



v^l. . J: 0 tcmtr^^Mz J: hWMtm^M 
.SitX^fXicSk^-oTl^^*'. i&BctiS 0 0A><'.,9 
5 0rSg<^ja^gt'StB#l51<')^ira*5£-g^:;ti6, miss 

±$-ti-&Ii:(c|SPr*'$>i.. ^i=ixh^.Ha 

[ 0 0 0 3 ] ^y-c, SJ^tiai?». >y;^.?f i €.f7)3Df« 

-mr^hhtK ii'7^i\mi\^zwmA!^mMm\.z-^ 
m^^zm^^nmiy^^.^ i . z cm^M^m^f^SAi/ 
®^m:^:&T^-ti>fd^iz. n-mmt/m^i^) 

^!mMMzi:m>mmiz^,i)i±tit:if). mum^ 

[0004] ±ifiL^cm*o?f 0t^ji^ tmizif 

X . ^W+^OS i . M n . C r cf^S.^W.^'t tMzM 
o . N i ^Sr^Dtl. i fc IZX 0 ^Xig^l^ftl&^t'g. 

m uc-mmmmmipmmii^tzm'yx v »s . 
hc7)±#«riB< t thizmmm<')ii[CLm^^ 

7:fE<y\^'j^^ti<hh. tfz, JIsmsCM4 3 

5Mfs 5 5cm<')mmmm^±mmm.nmimv^ 

tZi.h%%<r)^^W.?i-htiX\^^if, Zixt><fmt^ 

mM.^<^)m^n^Lxm.%^ivtz^^mx'ts:\^ 

[0005] 

mme o - 1 6 9 5 4 4-f i^^tcti. m<r>i\:'^m.^ 

[0 00 6] LiMifi(>. ^m\^h(^mi^zXix 
if, B!fie#^IS6 0 ■ 1 6 9 5 4 4#i>lli(c^^^c^e 

t-*4. m'¥f.zm.-ti>imm^mim^xif±t< 
X. mMmismzw^^ixh^ii%.mxmmsM^ 

[0 0 07] tfz, P <^yt^&if 0.01 Sfi%OT{C 
RR^^i-Lt v^t;^:*^, ^37. h- *f±#-f -5. 1 d ffif) 
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h tzi/> iz ^ mixmizhx vc f£-p,c?.)7"\3 -t XT'!) & mw\ 

[0008] -4:.ic>!Bi±, j:^^) J: 0 tj:mMmi^.->:^^mk^) 

&izitmi-cmm±c^.Amrm^th ztii^^m^^-d^ 

[ 0 0 0 ] 

COO 1 ()]-pih%. mmzii. mjt&M. mm&.)& 
m^'z, . 1 m7m.mimmim(^^i^wmiz x i 
[00 n ] i^mJmzm^^^llm^KcmT-^i. 

[00 1 2] m9im^i\n±^iti>fMzii, ^hiU' 
•) t-^ < Tr-j^r-^-f h&siraiHt{ci--& -1 1 mmz 
tch. ^oMMi. mf^mw-x'fi-^h'^mz 
f^nxm<ix\'^<tz^K ziximmzthzhi,zx o 
^^^mM'^tzn-ti^miimM fh z. t omz . mi- 

\uzn tt (1 , M.mmmmcMmx'h i ^mmm. 
i^mi^xmx-s>i, ttz. .t-xx^M hWMt 

[00 ] 3] jtfc, mm^^mfcMzii. 
mm-m<r)mi,£^x'h^. ^« 



5gs (0:5) <7mmiAmx'h^. t^mmhc^ymuz 

Xitii, OftarO. 0 0 1 3«ft%l;J.T(l-r&C:t»'> 

mmmitit\m(f:>^w^Mzmf^^-^-i.rci^i,zii. mt 

WimLhX'i/^^ X^m^tl Z t ti^&WsZbiim 

t ixm-mmimm-^ztii9ijiifctt:i nx'hz> 
*\ ^m!S,irmiii'.kt^y^irc^m^mz%±t^!B 

i-i.. 

[00101^^^. WMfit, WmimW:): 
^ < fD.tjm'-h^'.)|¥.J!S;^yc 5 V Af:*!!^:^?*^ -g. , :k tiWM 

a.is^/i' ' -.' rc/^m.'i-?> t . ss^o-aisMiiMic ix 
mt'}jmm-M9fwm^»9^tz>i)izii. 1 9/i 

^ >: i^£-^^-Z t tm o :t , 

[00 1 73 mz. WMmmim.mm^mLtz 

9unMTX'h'>Xh. xom 

mri. 5<i.-n.Ti.2 ii&tx^-^t^t.'m.oirkR 

nmmmx ii-zm.m.mt'^ix:f^n^M 

xi&mmizm^^ fzi^x'^y^^ . 

izii . oaf «5tc');v t'=s: < mmm]F±m^X£'^m 
mixi/'^'f xmmij'^<mx'h^. $^^tc. *iibb«- 

miziSimti-:fTiiiim^uz. -e^^Jigm. m'pcr)om^: 

^ttJ|«)i7)ft{40^i: 1- 1. 2 . 5 li/inin-' ^.TtfiMT' 
$hZt mm Uz^\ ■'N Xlcoi-^T(40ftOffl^(7.) 

ti,{zUzi/^'.>X4\F±mtm-f-<xm:H-7^z 1 1- 
M.^^fzlfz. Zixii. MciO. a^^^^i?E/M3l*!5 

5 p p mUTccanjuPL j^cSij-c-ti. mmm-mt tt 9 5 
^'irUii'j/iTA'^E-^^- >: >: m^n itz . 
[00 1 9] -ty. ffiiiii7)Mgi5C{4. Mk^jmbt^im 
ijizxn, \:^"^i-yi^tmmmmmi/^ti. z 
nm. t h t mmumtsKcm^^ z t mmt 

[00203 zoysiwmm. &.m&9iymt(nmi/' 
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Si. Mo. VSl/N b^i?J^Ju//1a$!jX'J) ') . 

[00 2 1 1 ^^c. lEiwt^^crafrti. •gs^ssiS 

[0023] m^wetizwimmtm^t ix\icfk 

izn I . mmm.?.^z^ o m^c)mm^ z:%ifiMz 
£-^-cj8®io. 5~o. 7m&%mmThic^)x\ 

[0 0 24]±3fUv:J;?t:, P{ia*tli«rL-T©f^ 

SIIgt-i5lt*3Xh±#tco^Af|,, P2riEiiS1-|>C: 
i:^<ier^<H»fPa?:fiT$ii-tfi-?r!fi.g2:;Si^l>#S 
fcLT. ieSia2:*llHi£fl:tT©lfBDa2:lf^L . fflWW 
'Sr1I«fPftSrM:J'-*-tl.i:t^3l>A''#;t^>*ll., CiO 
.^itcBIU-C^HIUcam, P-^^S*<0. 0 2 0%iT- 
<7M^izii\,^Xli. mmm^TMrn-XTi-^ 

100 25] HlUclo^^mtlX^Z-mt^ixhl^ 

itmmi(^)^i')mTii. mmm.?^^zxi,mMcr> 
miziiT^+^x'h^ . Mzmizmmmi^kn^mm 

mcmtmm^ tub . i§.mn?.m(7.y^T{iitm) 
m^mm.in'yx^^:i>fj'. -t. mmm^?^ra^x 
m^tzimmx'jimcmmx'h'^. mmm 

^zin^hWPimzsim'wm'^Tim^Ltztk^, WTf^ 

i.o^^^^ri^h^.zs.'^tz. t^ihh. 0. 5%C^)± 



^ hft*fi8jBt & c t izx *)imcfM$ ii'm-t^ z t 
mm^n±.th<^>x'h^. tfz. a-^^ h^^mm^ 

V ^ffliac^j^-^tcji , mmiz^i:^{i^u»x'iiy x 

y^ h. s"- 7 -f h(7.)Sffic7)ft!){-/\'— 7^ h4ii7)-t><> 

cr(7)im-/}'m>x^^mn'hi>. tt:. mo <?.)maii 
mj^z:m^^'t7^cyx'mm!7^\^±iz^mx'hi . 

'Pizm&^ii?>Mnsitm^jmizf^'^xsm\^izw 
m-ii/, 'imm»ms.m^mzx^i^^^z>. Mn 
smmtim. ^mmj^iznimfii-nM-h^ 

V^Ltzf^^WmizX Om^^ixmfi^ii^iz& 
7i>tz^X-ht, tZhX\ |||^<7^«miCfcV>T{iM n S 

cr>\m-n^i.znn^zmi)m^tixhztti^^ < . m n s 

[ 0 0 2 7 ] , M n scommmmiztmmis. 
a'L. M n smmmmz:^it^iti>ztiim^x' 

[ 0 0 2 8 1 M n S<Dfi¥M9m(^tzihiZ . C ac^^C 

J: 0 c a s iw^^m ^■^?>t mmij^^fi 
mzm-tmmmcom^iSMx/mss.^ti^iz'y 

\r^xm4Ltz, ^m^. aT0mM.i:%fz. 
[0029] Sft|S5E®l%7.)»aSr±{f ^.(-fifoTM 

n s //-spiiji L- . mf^mx 0 1 m n s (rmmiim- 
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[00301 mm-mmi:mti-z> t . fit m n s 

mt&i^i^>. &m&i^mb lt 9 o o - 1 o o ox-; 
c)\i^rmmti z y \,zi m h stfo#*{±^^mf<:' 

.[0031 ] ir^mU. J;ihf))3ia* i t t=5:$i-L^-i 

Sltt'. C : 0. 5-0. 7 5%. Si : 0. 5-1 . 
8%. Mii:0. i-l. 5%. P:0. 010-0- 

0 2 0%. S : 0 . 020 %\:)r\- . A 1 : 0 . 01 9 - 
0 . 0 5%. O : 0 . 0 0 1 5%J.:J.T. N : 0 . 0 0 6 
- 0 . 0 1 5 % ar ti^W L . 5 jE5 . Mo: 
0. 0 5-0. 5.%'. B:0. 00 0 3-0. 00 5 
%, T i : 0. 0 0 5--0. 0 5%, N i : 0. 1 - 

1 . O^i-JitfV : 0. 0 5-0. 5%, Nb : 0. 0 
1-0. 5?ii0>-^-<i:4,-^r^*L, 9^^F«?it^ 

2. 5/mra2 WTfA'-.^^^c^DS^-^--^ X^/ 1 ^ ixki^X 

[0032] -Jm'^f{^mk-nmz^7;,mv^^ymy^h 

tJlofi, fi#JtT'. C : 0. 5-0. 7 5%. S i : 
0. 5-1 . 8%. Mn : 0. 4-1 . 5%. P : 0. 
0 10-0. 0 2 0%, S : 0 . 0 2 0?aV.T. A 1 : 
0. 0 19-0. 0 5?f;, 0:0. 00 15%1:jIT. 
N: 0. 0 0 6-0. 0 1 5%rg-irL, ^h^Z-id'^^Z 
JEC-C. Mo : 0. 0 5 — 0. 5%. B : 0. 000 3 
-0. 0 0 5%, Ti : 0. 0 0 5-0. 0 5%, N 
i:0. 1-1. 0%^iJ:LfV:0. 0 5-0. 5%. 
N b : 0 . 0 1 -0 . 5%(X)'y^£< t t-SSr^^L . 

if] 9/nnW.Tt'J,^Ct(:iU/..T, &mmA2M<?) 
').?!if^Elt?,(c|g5L.-C. iuWV*rl 10 0-125 

ov.<nm.nmtzimL. i o o ox-M^ffyw^mmx- 

iki3-&x'hk... ±Mmmm}^■x^■)^!'^m. 
ii-i.\.zmix, \ i oo-i isoxit^y^n 



Wmzim. L 1 0 0 0T:l.'J.>.f.)fi3!S^fcS-C-^ 1 
2r??7U. S^>t::] 0 5 0-1 1 ^ Ox:<;^^\m.imzt'& 
*iiL 1 0 0 0T:.Wi-.s'.)aim^is!iX'm2S^J/Igrf^T-r 

[0 03 3] 5/-^. ±3Sc')^HrB!i2&«JW;^':>.^tll.!£S; 
[00341 

I, ti\ ^mmtzm^^mc^MiyK'C^mmMz':^ 
^^xtma-i. 

[00351 C C : 0 . 5 - 0 . 75%')C li^mUkiH 

Ate ct f)mmi&mtmMmc.m&mts i:nhfzMz 
mx'h?>. u/'L. 0. 7 5%s-s/:Taf.aiii-^t. i- 

0. 7 5%iW)ifan.>:-rS. 
[0036] CSi : 0. 5-1 . S%.) SUmhb' 

tmn'&<^)mm&^:mi^i-z>t:)ibizii. -i^^^K 1 1 

0. 5%l:)±£'.)mni)^tB^X'$)l, li'L, 1. 8%2r 
mixmisnth b. 7 X 7 •< bOlli^mi; J: omi}' 

±nimm<7MTi:fs<iox-i . 8%tJiTf)syjyti- 

LMn : 0. 4—1. 5%) M ii Ji^^^ffi *:(6l±$-ti:, 

^^^^.^^(^miii^^t-mmi^x'^^mcymx'h 
'omm}izmMi'i>i/. 0. 4%m<')m}nx'Ux<^m 

mzZlVK~yj. 1. 5%rSiTilS!)nt^>: . 

»tftT ^ KT 5 -li: £^)-C 1 . 5 %l:iTc')mjSi bth. 
[003 7] f.P:0. 0 1 0-0. 0 2 0%JP{i.i- 

bizX 0«7£!S!Sr<R"F$1i:l.tf*»'3T^< . m^zm 
W#tt^(!£TS-ti-|.i^)T-CS ^tz\mT^^i:hZbt^. 
tU^iH). 0 2 0%itir§$ii-i.. 0. 0] 0%.* 
mbt^bW^O7.Va)±.mZ'-jt(j]i^fzHy0. 0 1 0 
Xm^ZthZbimmr^'ii^j:^-^. tti, 0. 020 

Tbi-z>zbizx>-) +-»^t7c!ftSfc J: mvmtim 

hi\i,fziiy. 0. 0 10-0. 0 2Q%<^)&Am^^ 
[ 0 0 3 S ] f S : 0 . 0 2 0%tiTJ SUM n S Srffij 

i^Ti>J>'&<?)T0 . 0 2 0?*iOTf)WlslF^§iL^. 
[0039] i: A 1 : 0 . 019-0. 05 %} A 1 1± 

t-^>-&i:.h tie. Nis-yj^L.-CA 1 NorffML. Ztdf 
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mff3izmnt<:- . 0. oi9%imc')mrc'ii^<7.m 
m^j>mjt?>(r>x'o. 0 19-0. 0 5%ff>m\ib-t 

1004 0] [N:0. 006-0. 0 1 5963 N{±A 
1. Ti^bjfi^^tTAl N. TiN*:}^fi!t1-|,. Mfi 

ffi^ilttt&L'^S^^'SJtA'lETta^-a^O. 0 0 6% 
i^i±<r>m&tirh. Itfl, 0. 01 5%*-iS/.TasJD 

«5>T-i7)affiXffi$r^L-<lffi!JD$-<i:-S.i'.)TO. 01 596Ja 

[004 1] WJtfcv.TIi, ±Ei^)-fl:^iMlS<^>fl!! 
^t^izUo : 0. 0 5-0. 5%, B : 0. 0 00 

3-0. 0 0 5%, Ti : 0. 0 0 5-0. 0 5%, N 
i :0. 1-1. OXi^i—mi-Xtit^^^hZtii^V 

[0042] ZtL^^ffy7iM<omRXm^Mi. lUT 

CMo : 0. 0 5-0. 5% J M o{±^AttlSjJttC^ffl 

mm \miz-> ^- -7 h (^Mt^mmi^zm i v ^sjs^ a<a' 

^zbi'^T^i. Momi^tzmm'i'PWc') 

%Thhoymm\mmhi:^. 0. q^x^cm 

i-^v^^mmii^Ki:^mimmh<r>x'o. 0 
5-0. 5%(r>mm<^WMtth, 

[0043] CB:0. 0003-0. 005%D Bti 

m.!^mn'm7s'&i^±.^'th7tmx'ht<^x\ 

f^iz^mizm^b, ^^tzm¥itiP(7)m^z:(mb 

xisymmifm^^i^L<j^±^^7^7umx'h 

h . Z Ofzmzli 0 . 0 0 0 3 %l-J±cr)mat)^'£'WX'h 

hifi. 0. Q0 5%imtxm\\Lx{,^ommimi 

^i><nX'0 .005 %t:XT(r>mat-th , 
[0 044] CTi : 0. 0 0 5-0. 0 5?i;3 BCM 

?Mr<^±-&mi B fmmz^-(£-ri.iSi^ izm^x-h i 

if. -:^X'B(iNJ:fe^-^L^--^-v«t'J,'). Z<r)m^ 



±5**^. BtJLht^NtiS^t^-r^^TiSrSHjirtl.^ 
tlzi.^-\-iit%m-^hZ}iifiX'^hff)X\ T\%:ZC>) 
J:^4'J^tfflv>TtJ:v\ totto. 005%*SI 
^)mrc\ix(r>mii>h^\'K -15 , o. 0 5%*:^/- 
T 'm\sth tTin is^psxzWy^ ^ tihi^^. . ^ ium. 
T^m^Ms^.tti-yxnTu^mjLimwm.i^j'^-t 

[ 0 04 5 ] t/L-, T i mmWifAtim^(r>i[-X=T^ 

I.. Z(^^'k^Z{iTimi^tlXiiO. 0 0 5-0. 
0 5%tfOKH*''*i^f$)S, 

[0046] [.N ) : 0 . 1 - 1 . 0%J N i li-ecOSS 
ftv*;!/. 0. \%^m<r>mm:{i^<'^WkfM^^\.^<^:>X' 

0. l?6W±«'.)^Dfc-r&, N j {4Si^.>TKfflt' 

7mx'hhc)x\ 1. o%*-^g7:T?3ara-rsi:Si«^'.)a 

[0047] *!f6njl;fcv^T{l. i^^^^lc. V, Nb 
<^mi±^:'k^^-^i>ZtifX'th. Ziih<r)7m(r) 

[0048] n^m%KTa-t7. ^m^'^f.zi.i, 

^7M}£l-^mim-(nif-^i^X'hh. L/O^L, .r 
cmm\t^y-^V7:^iz^^hC)X\ ^j:h'<^<iiZixi 
'm-fhZtimtl^K WmtLX<rMXt:'-m-t 
Stiti, m'^mj^sicrmm^ilM^-^XiiKel^ 

t^hh. ^c;)t-Mz\±igi\m.^{mi-^-rh va?/N b 

[0049] VSL'^N b£O&!)!lfi<7«^S^{i<-X<7)ji0 
•CAS. 

f V : 0. 0 5-0. 5.50 V{i^ffi^-n:#ffli^)|gi^3T 
0. 0 5%.5fefllO^JllT'{4-ei^.)^am*J/h$<, - 

0. 5%^e;traaDL.Tt'fi7)^&***fe5fni-s«7) 

t'O. 0 5-0. 5%cr)WMt^h. 
[00 501 ttz, Vtijjm<7)^tt'Li|K-fb«fil$-I*]± 

CNb:0. 01-0. 5%] Nbti^faiS-fkfl^fflcOS 
if^X^\,-^7mX'hh(r>X\ S^jS^7.l5i7)mS^IMt L 

•f^f)K 0. 0 l%*il<7J^3jtII^:ii'eo$^S*M^§<, 

0. s%^nLx'mi\iLxi:,^<r)^^ijimi-th 

<7)X'0. 0 1—0. 5%(r)^\ifth. tfz, Nbc7)Ss 
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[oo5i}tfz. -A^itmui\^x\t. m^^^^mh 
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